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Acquired brain injury:  Psychological sequelae and holistic approaches to intervention 

 

Abstract  

 

 This thesis aims to explore the role which psychological and neuropsychological 

processes play in the sequelae of acquired brain injury (ABI), and holistic intervention 

possibilities. 

 The first chapter consists of a systematic literature review and meta-analysis, 

examining the efficacy of using a physical exercise intervention to reduce reported symptoms 

of depression for people with an ABI.  In total, 10 studies met the inclusion criteria and 

consisted of randomised controlled trials, non-randomised controlled trials and uncontrolled 

trials.  In line with research in non-ABI populations, the current meta-analysis found a small 

to medium main effect of physical exercise on reducing reported symptoms of depression in 

people with an ABI.  Data was not available to fully investigate the maintenance of this effect 

over time.   

 The second chapter examines the empirical research investigating the relationship of 

self-awareness with executive function and depression in people with an ABI.  25 

prospectively recruited participants with confirmed ABI more than 12 months prior to the 

beginning of the study completed questionnaires and neuropsychological tests, pertaining to 

self-awareness, depression and elements of executive function.  Hierarchical multiple 

regression revealed that depression and set shifting were significant predictors of level of 

self-awareness following ABI.  This suggests that both psychological and specific 

neuropsychological factors (set shifting) contribute to impaired self-awareness following 

ABI.  The clinical implications and the limitations of both research papers are discussed. 

 The third chapter discusses the papers referred to above in regard to theories of self-

efficacy, which provides a potential psychological explanation as to why exercise appears to 

have a small to medium anti-depressant effect.  It also explores how altered levels of self-

awareness could influence the efficacy and delivery of physical exercise interventions.  A 

reflective commentary is provided at the close of the thesis.   
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The effectiveness of physical exercise as an intervention to reduce depressive symptoms 

following acquired brain injury: A meta-analysis and systematic review. 

 

Alongside the obvious health benefits, physical exercise has been shown to have a 

modest anti-depressant effect for people in the general population.  To the author’s 

knowledge, there are no current literature reviews or meta-analyses available 

exploring this effect for people with an acquired brain injury (ABI).  A systematic 

review of intervention studies utilizing physical exercise and mood outcome measures 

for an ABI population was performed in November 2016.  Baseline and outcome data 

were extracted for the ten studies which met the inclusion criteria.  Effect sizes were 

calculated for the four controlled trials and six uncontrolled trials and entered into the 

meta-analysis. Consistent with research in non-brain injury populations, the current 

meta-analysis identified a small to medium effect size of physical exercise on 

reducing depressive symptoms in people with an ABI.  This would support further 

rigorous trials to provide additional evidence for the efficacy of physical exercise 

interventions for people with ABI.  Limitations of the current meta-analysis and 

clinical implications are discussed. 

 

Keywords:  brain injury, depression, exercise, intervention, rehabilitation 
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Introduction 

 

Acquired Brain Injury (ABI) is defined as an injury to the brain after birth but 

excludes neurodegenerative disorders (Headway, 2015).  ABI can include Traumatic Brain 

Injury (TBI), which is an injury to the brain as a result of external force as well as acquired 

injuries such as the result of cardiovascular accident (CVA), tumour, haemorrhage, infection 

and more (Headway, 2015; Menon, Schwab, Wright & Maas, 2010).  According to a report 

compiled by Headway (2015), there were 566 admissions per 100,000 people in the United 

Kingdom for ABI in 2013-2014.  This represents an increase of 10% since 2005-2006.  

Figures were obtained using records of hospital admissions across the UK according to the 

International Classification of Disease Version 10 (ICD-10; World Health Organisation, 

1992) diagnostic codes.  ABI is associated with short and longer term disability, which is 

often a complex interaction between cognitive, physical and psychosocial impairment 

(Driver, Ede, Dodd, Stevens & Warren, 2012).  

 

Depression and ABI 

Depression is reportedly the most common psychiatric disorder to emerge following ABI 

(Koponen et al., 2002; Alderfer, Arciniegas & Silver, 2005; Bryant et al., 2010) with rates 

ranging between 10% and 77% (Varney, Martzke & Roberts, 1987; O’Donnell, Creamer, 

Pattison & Atkin, 2004).  The variability in reported prevalence rates is likely to be due to the 

variability in the criteria used to identify the presence of depressive symptoms. Kreutzer, 

Steel & Gourley (2001) attempted to combat the significant variability by examining 722 

outpatients with brain injury utilizing the DSM-IV criteria for depression.  They found that 

42% of outpatients met the criteria for a Major Depressive Disorder (DSM-IV; American 

Psychiatric Association, 2001).   
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Despite heterogeneity in reported rates of depression following ABI, it is clear that 

depressive symptoms are elevated a year following injury (Jorge, et al., 1993) and appear to 

remain elevated for up to a decade later (Holsinger et al., 2002).  The development of 

depression following ABI is likely to be due to a combination of factors including neuro-

biological changes, psychological adjustment and the social context in which the individual 

resides (Alderfer, Arcinniegas & Silver, 2005). 

 

Depression following ABI can hinder the recovery process (Rosenthal, Christensen & 

Ross, 1998; Seel & Kreutzer, 2003; Mooney, Speed & Sheppard, 2005).  Studies have shown 

that patients with depression following ABI have a lower quality of life, poorer health status 

and poorer psychosocial functioning than non-depressed individuals with ABI (Hibbard et al., 

2004; Rapoport, Kiss, & Feinstein, 2006; Chamelian & Feinstein, 2006).  Depressive 

symptoms have also been associated with worse global outcomes (measured by the Glasgow 

Outcome Scale) five to seven years following ABI (Whitnall et al., 2006). 

 

Treatment of Depression Following ABI 

There is evidence that depression following ABI responds well to antidepressant 

medication (see Fann, Hart & Schomer, 2009 for a systematic review).  Selective Serotonin 

Reuptake Inhibitors are often recommended as a first line medication for depression 

following ABI due to their favourable profile of side-effects (see Warden et al., 2006).  There 

appears to be some limited data available supporting the use of Electro Convulsive Therapy 

to reduce depressive symptoms following ABI but sample sizes are small and narrowly 

selected (Fann, Hart & Schoner, 2009).  

 

Two controlled studies utilizing Cognitive Behavioural Therapy (CBT) with ABI 

populations reported an improvement in depressive symptoms.  One study included 11 
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sessions of CBT (either telephone based or group format) with an education based 

intervention control group.  CBT was modified for the ABI population including telephone 

reminders for homework amongst others.  The CBT group reported an improvement in 

symptoms of anxiety and depression with a very large effect size (Cohen’s d = 1.79) but there 

was no significant improvement for the education group.  Interestingly there was no 

statistically significant difference in the improvement of symptoms between telephone or 

group CBT intervention (Bradbury et al., 2008).  The other study utilized three sessions per 

week of modified CBT and cognitive rehabilitation for 11 weeks (n=20) for patients with 

ABI with reported emotional and cognitive complaints.  The study had a wait list control 

design.  The CBT group reportedly showed greater improvements in emotional functioning 

compared to the wait list control group (Tiersky et al., 2005).  It should be noted that neither 

of the studies above had major depression as an inclusion criterion so it does limit the 

generalizability of the findings to ABI populations with major depression. 

 

Qualitative research has explored the treatment preferences for people with depression 

following ABI using telephone interviews with depressed and non-depressed individuals 12 

months following ABI (Fann et al., 2009).  84% of the sample (n=145) rated physical 

exercise as their preferred treatment method above all others (including talking therapy, 

antidepressant medication, group therapy, self-help and alternative medicine).  Physical 

exercise intervention is often delivered in a group format and so would additionally prove to 

be a cost effective intervention (National Collaborating Centre for Mental Health UK, 2010). 

 

Exercise intervention for depression in non-ABI participants 

There are a number of reasons why it is plausible that exercise would have an anti 

depressant effect.  It has been proposed that exercise can act as a distraction from negative 

thoughts (Nolen-Hoeksema & Morrow, 1993) but also can result in positive feedback from 
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others and an increase in self-esteem (Bosscher, 1993).  Research has also suggested that 

physical exercise can lead to experiences of mastery which has been shown to be the most 

reliable way to increase self-efficacy and subsequently improve depression (Bandura, 1997; 

Craft, 2005; Peterson & Seligman, 1984).  Animal studies have also demonstrated that 

exercise results in increased serotonogic drive (Gomez-Merino, Bequet, Berthelot, Chennaoui 

& Guezennec, 2001) and increased neurogenesis (Bjornebekk, Mathe & Brene, 2005) which 

can have an anti-depressant effect.  

 

There are six systematic reviews and meta-analyses reviewing the use of exercise to 

reduce depressive symptoms in non-ABI populations available to the current author (Lawler 

& Hopker, 2001; Sjosten & Kivela, 2006; Stathopoulou, Powers, Berry, Smits, & Otto, 2006; 

Mead et al., 2009; Rethorst, Wipfli & Landers, 2009; Krogh, Nordentoft, Sterne & Lawlor, 

2010).  Conclusions from these reviews vary from reporting methodological weakness from 

trials and therefore no conclusive effect (Lawler & Hopker, 2001; Sjosten & Kivela, 2006) to 

the Cochrane review reporting a non significant moderate effect of exercise for reducing 

depressive symptoms when their analysis was limited to robust trials (Mead et al., 2008).  

Krogh and colleagues (2011) only included participants with a clinical diagnosis of 

depression whereas the other five reviews had much broader inclusion criteria.  Krogh and 

colleagues (2011) concluded that exercise was shown to have a small effect on reducing 

depressive symptoms based on a standardized mean change of -.04, but follow-up data from 

five of the 13 studies suggested that this effect was no longer present after the intervention 

had finished.  

 

To the author’s knowledge, at the time of writing there were no systematic literature 

reviews or meta-analyses reviewing the use of exercise as an intervention to treat depression 
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following ABI.  The present meta-analysis aims to answer the following question:  Is 

physical exercise an effective intervention to reduce depressive symptoms following ABI? 

 

Method 

 

Identification and selection of studies 

Three electronic databases (PubMed, PsychInfo and Web of Science) were searched 

in November 2016.  The following Boolean search terms were used: “brain injur*” AND 

“exercise” AND (“mood” OR “depress*”).  An ancestral search of identified published 

articles was also conducted.  The search was limited to articles published in English.   

Initially, articles were screened via examination of abstracts and then full articles were 

assessed according to the following inclusion criteria:   

 Participants must be aged 18 or older and have sustained an ABI.  Including TBI 

and CVA. 

 Interventions must utilize physical exercise. 

 Research papers must be clinical trials. 

 Study data must be quantitative. 

 Studies must have a depression related outcome measure. 

 Control group data must be from a comparable population, if not the study will be 

analyzed as a non-controlled trial. 

 

Where data was missing in the published papers, authors were contacted by email and 

via Research Gate (three reminders were sent to non-responders). 
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Assessment of study quality 

Study quality or methodological rigour of each study included in the analysis was 

assessed utilizing the criteria proposed by Reichow, Volkmar and Cicchetti (2008).  This 

method was selected as it has been shown to have sound psychometric properties (Reichow et 

al., 2008) and is deemed to be superior to alternative methods (Wendt & Miller, 2012).  Each 

study in the current meta-analysis was evaluated according to Reichow’s (2011) primary and 

secondary indicators for research design.  Each indicator (for example, participant 

characteristics, independent variable etc.) was rated as high, acceptable or unacceptable.  

Based on the number of ratings for each indicator, a strength rating can be determined by 

Reichow and colleagues’ (2008) original classification.  This results in a rating of strong, 

adequate or weak methodological rigour.  See Table 1 for individual ratings of studies 

included in the meta-analysis. 

 

Data analysis 

Data for standardized measures related to mood or depression were extracted from each 

paper by the principal author, where multiple measures were available, only those relating to 

depression were extracted.  All statistical analyses were conducted via the Metafor package 

(Viechtbauer, 2010) for the statistical software environment, R (Team, R., 2016).  The effect 

sizes for each study were calculated using the mean change in scores divided by the baseline 

standard deviation (Jansen, Viechtbauerm Lenssen, Hendriks & A de Bie, 2011).  For 

controlled trials, the difference between effect sizes for the two arms of the trial were used, 

for uncontrolled trials, the effect size from baseline to post intervention was calculated 

relative to zero (Viechtbauer, 2010).  Positive values represent an average improvement in 

scores from baseline to post-intervention measures.  An effect size of 0.2 can be interpreted 

as a small effect, 0.5 as a medium effect and 0.8 as a large effect.  To estimate the standard 

error of the calculated effect sizes, the pre and post-test correlations were extracted from the 



23 
 

literature for each of the standardized measures included in the meta-analysis (Aben, Verhey, 

Lousberg, Lodder & Honig, 2002; Beck, Steer & Brown, 1996; Curran, Andrykowski & 

Studts, 1995; Radloff, 1977).   

 

A meta-analysis to establish the average effect of exercise intervention across the selected 

studies was conducted.  There are two largely accepted models used to compute a meta-

analysis, a fixed effect model and a random effects model (Hunter & Schmidt, 2000).  A 

fixed effect model works on the assumption that the true effect within each study is 

essentially the same and that any difference in observed effect size represents random error.  

A random effects model allows the meta-analysis to predict an overall Standardised Mean 

Change (SMC) based on the distribution of true effect sizes.  This distribution represents 

random error as in the fixed effects model but also true difference in effect size due to 

variance between studies (Borenstein, Hedges & Rothstein, 2007).  It was hypothesized that 

there would be systematic differences between the studies (heterogeneity) due to variation 

within the interventions used and anticipated variability in methodological rigour.  A random 

effects model was therefore the most appropriate method for the present meta-analysis.  The 

random effects meta-analysis was run using Metafor for R (Viechtbauer, 2010) and 

calculated the SMC which represents the average of a distribution of values. 

 

Results  

 

Of the 204 articles screened via examination of abstracts, 136 were deemed not to be 

relevant to the topic of interest and were excluded.  This left 68 articles to be assessed in full 

according to the inclusion criteria described above.  Of the 68 full-text articles assessed, 11 

were identified as satisfactorily meeting the inclusion criteria above, however unfortunately 

one author did not respond to requests for data; therefore 10 final studies were included in the 
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meta-analysis.  Figure 1 illustrates the flow of studies through the meta-analysis.   The 

designs of the final studies included randomized control trials, non-randomized control trials 

and non-controlled trials. 

 

Characteristics of studies included  

Quality:  The methodological quality of the studies included in the analysis were all  rated 

to be of ‘Adequate’ (Chin, Keyser, Dsurney & Chan, 2015; Damiano, Zampieri, Acevedo & 

Dsurney, 2016; Driver & Ede, 2009; Lee, Ashman, Shang, & Suzuki, 2014; Schwandt et al., 

2012; Weinstein et al., 2016; Wise, Hoffman, Powell, Bombadier & Bell, 2012) or ‘Strong’ 

quality (Bellon et al., 2015;  Bateman et al., 2001; Rzezak et al., 2015). 

 

Participants:  All participants were recruited from the community, were over the age of 

18 and provided informed consent to participate in the individual studies.  Eight out of the 10 

studies relied on a diagnosis of a TBI or an ABI from a physician, whereas two of the studies 

relied on self reported TBI (Bellon et al., 2015 & Wise et al., 2012).  All participants had 

experienced a brain injury at least six months previous to participating in the study.  Severity 

of TBI was only reported in three of the 10 studies and was reported as mild-moderate (Chin 

et al., 2015 & Rzezak et al., 2015) and moderate-severe (Schwandt et al., 2012).  Two studies 

had healthy volunteer control groups which were not included in the analysis and were 

treated as uncontrolled trials (Damiano et al., 2016 & Rzezak et al., 2015).  One study used a 

wait list control group (Lee et al., 2014) and three had control groups participating in 

alternative interventions including nutrition education (Bellon et al., 2015), relaxation 

training (Bateman et al., 2001) and vocational rehabilitation training (Driver & Ede, 2009).  

All of the control groups included in the analysis were from a brain injury population with 

three studies randomizing participants to either group (Bateman et al., 2001; Bellon et al., 

2015; Driver & Ede, 2009).  
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(n = 9) 
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(n = 204) 

Records excluded 

based on abstract as 

topic not relevant to 

meta-analysis or 

review papers 

 (n = 136) 

Full-text articles 

assessed for eligibility 

(n = 68) Full-text articles 

excluded 

(n =  57) 

 

Mood outcomes not 

reported: 17 

Non-exercise based 

intervention: 22 

Duplicates: 17 

Retrospective study: 1 

Sufficient data not 

available: 1 

 

 Studies included in 

quantitative synthesis 

(meta-analysis) 

(n = 10) 

Figure 1.  Flow diagram showing study selection process (PRISMA, 2009) 
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Intervention type:  Nine out of the 10 studies had an aerobic intervention including 

treadmill, exercise bike and swimming, one study used a walking intervention.  The 

intervention length was between eight and 12 weeks apart from one study which had just two 

sessions, one week apart (Rzezak et al., 2015).  All interventions had a supervised element 

with home practice being set in between supervised sessions. 

 

Outcome measures:  All of the studies in the meta-analysis used a mood related outcome  

measure including the Beck Depression Inventory (BDI-II; Beck, Steer & Brown, 1996), The 

Hamilton Depression Inventory (HAM-D; Hamilton, 1960), The Profile of Mood States – 

Short Form (POMS-SF; Curran, Andrykowski & Studts, 1995), The Brunel Mood Scale 

(BRUMS; Terry & Lane,  2003), Centre for Epidemiological Studies-Depression Scale (CES-

D; Radloff, 1977) and the Hospital Anxiety and Depression Scale (HADS; Zigmond & 

Snaith, 1983).  See Table 1 for a summary of studies included in the meta-analysis. 
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Author/Year Design N  

(pre) 

N 

(post) 

Control 

group 

Mean 

Age 

(SD) 

Time 

since 

injury 

Sex 

M:F 

Outcome 

Measure 

Summary of Intervention Findings Setting Quality 

rating  

(Reichow 

et al., 

2008) 

Damiano et 

al. 

(2016) 

Non- 

Controlled 

Trial 

24 24 Healthy 

Volunteers 

not 

included in 

analysis 

31.3 

(9.4) 

TBI >6 

Months 

14:10 HAM-D Elliptical training at home 

over 8 weeks, 5 days per 

week at 30 minutes per 

session 

 

Improvement in 

sleep and scores 

on the HAM-D 

compared to non-

TBI control 

Community A 

Weinstein et 

al. (2016) 

Non-

Controlled 

Trial 

10 10 No 32.9 

(6.5) 

TBI >6 

Months 

4:6 POMS-

SF 

Aerobic treadmill exercise 

supervised, 12 weeks, 3 per 

week, 30 minute sessions, 

heart rate maintained at 70-

80% of reserve. 

Improvement in 

long and short-

term mood 

responses 

Community A 

Bellon et al. 

(2015) 

Randomized 

Control 

Trial 

69 69 Yes  

Nutrition 

education 

program  

 

 

43.7 

(15.8) 

TBI >6 

Months 

41:28 CES-D Home-based walking 

program measure via 

pedometer aim 5% 

increase per week until 

goal of 40% increase in 

weeks 8-12. Coaching 

contact 3 times per week 

tapered off at end 

Improvement in 

depression 

symptoms 

following the 

program 

Home-based S 

Chin et al. 

(2015) 

Non-

Controlled 

trial 

7 7 No 33.3 

(7.9) 

TBI >6 

Months 

2:5 BDI-II Aerobic treadmill exercise 

supervised, 12 weeks, 3 per 

week, 30 minute sessions, 

heart rate maintained at 70-

80% of reserve. 

Improvement in 

cardiovascular 

fitness no 

changes in BDI-

II 

Medical 

Research 

Center 

A 

G  Rzezak et al. 

(2015) 

Non- 

Controlled 

Trial 

24 24 Yes 

Healthy 

Volunteers 

not 

included in 

analysis 

31.83 

(9.5) 

TBI >6 

Months 

24:0 BRUMS 2 sessions between 1-2 

weeks apart. 1st session 

cycling at high intensity 

until voluntary exhaustion. 

2nd session 30 minutes 

cycling of moderate 

intensity exercise. 

Reductions in 

depression and 

anxiety 

symptoms 

compared to 

controls 

Laboratory S 

Table 1. Summary of included studies (n=10) 



28 
 

Lee et al 

(2014) 

Non-

Randomized 

Control 

Trial 

21 21 Yes  

Waiting list 

control 

group 

46.1(1

5.2) 

TBI 

>12 

Months 

9:12 BDI-II Group exercise instructor 

led 60 minutes twice per 

week for 8 weeks. Physical 

exercises accompanied by 

verbal affirmations 

(IntenSati) 

Less depressive 

symptoms and 

more positive 

affect after 

completion of the 

program 

Rehabilitatio

n Outpatient 

Department 

A 

Schwandt et 

al. (2012) 

Non-

Controlled 

Trial 

4 4 No 29 

 

Range 

19-48 

TBI<6 

Months 

 

3:1 HAMD Supervised aerobic either 

cycle, treadmill or step 

machine 3 times per week 

over 12 weeks. 30 minutes 

exercise plus warm up and 

cool down 

Reduction in 

depressive 

symptoms and 

increase in self-

esteem 

Hospital A 

Wise et al. 

(2012) 

Non-

Controlled 

Trial 

40 40 No 39.7 

(12.6) 

TBI >6 

Months 

15:25 BDI-II Supervised once per week 

30mins aerobic exercise 

and education with further 

4X 30 min sessions 

unsupervised. Telephone 

follow-up 

Exercise was 

maintained and 

depressive 

symptoms 

reduced 

Community A 

Driver & Ede 

(2009) 

Randomized 

Control 

Trial 

16 16 Yes 

Vocational 

Rehabilitati

on Class 

37.65 

(2.34) 

TBI 

>12 

Months 

Missi

ng 

data 

POMS 8 Week aquatic exercise 

class (24 sessions, aerobic 

and resistance) 1hour per 

session. Control was 8 

week reading and writing 

skills class 

Increase in 

positive mood in 

aquatic group 

reduction in 

negative – 

anxiety and 

depression. 

Community A 

Bateman et 

al.  (2001) 

Randomized 

Control 

Trial 

49 49 Yes 

Relaxation 

training 

43.2 

(13.8) 

ABI >6 

Months 

97:60 HADS Individual supervised 3 

half hour sessions per week 

over 12 weeks of 

relaxation or aerobic cycle 

training 

Both groups 

showed non-

significant 

improvement on 

the HADS 

Hospital S 
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Effect of exercise intervention  

See Figure 2 for a forest plot illustrating the meta-analysis of all 10 studies with the main 

outcome measure following the completion of the exercise intervention.  The pooled SMC 

was 0.41 (95% CI 0.08 to 0.75).  This represents a statistically significant positive small to 

medium overall effect size of physical exercise to reduce depressive symptoms in people 

following ABI.  Tests of heterogeneity were significant (p<0.01), confirming that 

heterogeneity was present amongst the studies included in the analysis.  A funnel plot of the 

studies included in the meta-analysis (see Figure 3) revealed a couple of smaller studies with 

large effect sizes (Driver & Ede, 2009; Schwandt et al., 2012), it is possible that this 

Figure 2.  Meta-analysis of exercise intervention studies using exercise 

intervention to reduce depressive symptoms in people following ABI. 
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represents a slight positive publication bias in the literature and a wider distribution of effect 

sizes amongst smaller studies would be expected.  It is unlikely that small studies with small 

or non-significant results are published, thus it is common to find publication bias in the 

literature.  As a conservative method to assess whether or not the smaller studies were unduly 

skewing the results of the meta-analysis, the analysis was re-run excluding the two smaller 

studies.  The results showed an overall SMC of 0.27 (95% CI 0.05 to 0.49) which falls within 

the statistically significant small to medium effect size range, suggesting that there is a small 

Figure 3.  Funnel plot of all studies included in the meta-analysis 
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but positive effect of exercise in reducing depressive symptoms in people with an ABI, 

despite heterogeneity between the studies used in the analysis.   

 

As a conservative assessment of difference between the controlled and uncontrolled 

studies; the analysis was also re-run including only the controlled trials and only the 

uncontrolled trials separately.  The overall SMC was 0.27 (95% CI -0.69 to 1.24) when only 

the controlled trials were included in the analysis.  The overall SMC when the analysis was 

re-run for only the uncontrolled trials was 0.46 (CI 0.32 to 0.61).  Heterogeneity remained 

evident between studies for both of the analyses above.  

 

Discussion 

 

The small to medium main effect of exercise on reducing depressive symptoms in the 

current meta-analysis appears comparable to previous meta-analyses investigating the 

effectiveness of exercise on depression in non-ABI populations (Krogh, Nordentoft, Sterne & 

Lawlor, 2011; Mead et al., 2008).   

 

The current meta-analysis supports the use of exercise to reduce depressive symptoms 

whilst the individual is engaged in the exercise intervention, but only one study included in 

the meta-analysis provided six month follow up data to assess change over time (Wise et al., 

2012).  Scores on the BDI reduced on average by five points (scores range from zero – 63 

with scores above 29 indicating clinically significant levels of depression), from baseline to 

10 week measures, there was no further reduction in BDI scores at six month follow up but 

the reduced scores were maintained and participants reported continuing to exercise for an 

average of 146.6 minutes.  Unfortunately the authors did not collect data from the control 
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group at six month follow-up.  It will be important for future exercise intervention studies to 

collect follow-up data for intervention and control groups to further understand the effect of 

change over time.  Initial results from Wise and colleagues (2012) are however promising. 

 

Study Quality 

It was not possible to conduct a meta-analysis solely including randomised controlled 

trials due to the relative lack of published research which met the inclusion criteria described 

above.  Only three randomized controlled trials were available in the literature (Bateman et 

al., 2001; Bellon et al., 2015; Driver & Ede, 2009).  Driver and Ede (2009) randomly 

allocated participants who met the inclusion criteria to either a vocational rehabilitation 

control group or the physical exercise group, but assessors were not blinded to the 

randomization.  Similarly Bellon et al. (2015) randomly allocated participants to control 

(nutrition education) or a walking (exercise) group but the arms of the study were not 

blinded.   

 

Bateman and colleagues (2001) utilized full prospective randomized control trial 

methodology including blinding the assessors to all conditions and they had no involvement 

in the intervention.   Interestingly there was a large discrepancy in the effects sizes between 

the RCTs.  Driver and Ede (2009) finding an effect size for exercise on depressive symptoms 

as compared to a control group of 1.87, meaning that the participants in the exercise group 

were averagely scoring 1.87 standard deviations lower (representing an improvement) on 

depression related measures relative to the control participants.  Bellon et al. (2015) found a 

more modest improvement in depression related outcome measures for the exercise group 

compared to the control group (0.18) and Bateman et al. (2001) found a slight negative effect 

of exercise on depressive symptoms (-0.16) compared to the change in scores for the control 



33 
 

participants.  It would be reasonable to assume that Bateman et al. (2001) were reporting an 

effect size closer to the ‘true’ effect due to a large sample size (n=49) and more stringent 

randomized methodology.  Although the authors reported a non-significant trend towards 

improvement on the HADS questionnaire, the effect size calculates the change in scores 

relative to the control group who completed a relaxation programme.  It would therefore 

appear that in Bateman et al.’s (2001) study, the control group reported marginally more 

improvement on the HADS than the exercise group.   

 

The RCTs differed in the delivery of the intervention, whereby Driver and Ede (2009) 

delivered a group aquatic programme and Bateman et al. (2001) and Bellon et al. (2015) 

delivered one to one training.  To understand whether group delivered exercise intervention is 

more efficacious, vastly more research is needed using methodologically sound RCTs to be 

able to utilize a meta-regression, to explore the potential differences in efficacy due to 

intervention delivery method.  It should also be noted that the three control groups undertook 

different interventions which included a relaxation group (Bateman et al., 2001), a vocational 

rehabilitation group (Driver & Ede, 2009) and a nutrition educational programme (Bellon et 

al., 2015).  Therefore the SMC was ultimately representing differences in change between 

exercise interventions and differing control conditions, which will likely differ in their own 

effect on depression measure scores. 

 

 One non-randomized controlled trial (Lee et al., 2014) was included in the analysis.  The 

study utilized a waiting list control group design whereby participants were allocated to either 

group dependent on their personal circumstances and availability.  Potentially this could 

indicate that participants who were available for the intervention group were more motivated 
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to participate in an exercise intervention, thus it is important to consider the effect of non-

randomization when interpreting the results.   

 

The remaining six studies included in the analysis were non-controlled trials (Chin et al., 

2015; Schwandt et al., 2012; Weinstein et al., 2016; Wise et al., 2012) or were controlled 

trials with healthy volunteer data which was not included in the analysis (Damiano et al., 

2016; Rzezak et al., 2015).  Due to the lack of controlled trials utilizing an exercise 

intervention to reduce depressive symptoms following ABI, it was important to include the 

uncontrolled trials in the meta-analysis.  This does however highlight important issues with 

the analysis.  The effect sizes for the controlled trials were calculated relative to the change in 

the control group whereby the uncontrolled trials were calculated relative to zero.  As 

expected, the overall SMC for the uncontrolled trials was larger than that for the controlled 

trials but both still fell within the small to medium effect size range.      

 

Limitations 

There were several limitations to the current meta-analysis.  Due to the small number of 

controlled intervention studies, the analysis included uncontrolled trials and controlled trials 

which likely contributed to the heterogeneity between studies in the analysis.  Also due to the 

small number of studies that met the inclusion criteria, it was not possible to run further 

regression analyses to understand the effects of different specific exercise interventions, 

group versus one to one, duration of intervention etc.  It will be important to investigate these 

potential predictive variables when more research becomes available in the literature. 

 

As with all meta-analyses, there is the risk of inflated type I publication bias towards 

research published with significant positive findings.  As discussed above, this is likely the 
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case for the current meta-analysis but when controlling for this using the conservative method 

of re-running the meta-analysis, there remained a small but positive overall effect of exercise 

on reducing depressive symptoms.    

 

Conclusion 

In conclusion, exercise may be efficacious in reducing depressive symptoms in 

individuals who have sustained an ABI.  It would support the use of exercise referral schemes 

for people with neurological impairment, in line with the National Institute for Health and 

Clinical Excellence guidance (NICE, 2014).  The heterogeneous sample of studies available 

to the current meta-analysis has made it difficult to draw comprehensive conclusions.  It will 

be imperative for future research to include properly controlled trials to further understand 

the effect of physical exercise on reducing depressive symptoms in people who have 

sustained an ABI.  The potential cost effectiveness of group exercise programmes (National 

Collaborating Centre for Mental Health UK, 2010) and feedback from patients’ preferences 

(Fann et al., 2009) would support further research into the area. 
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The website address for submissions is: http://mc.manuscriptcentral.com/jins. 

Complete instructions are provided on the website. 
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literature review (not including abstract, tables, figures, or references) and a 200 
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(SI) units should be used. 

Appendices and Supplemental Materials may be submitted. Appendices include 
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ABSTRACT 

 

Objective.   The current study aimed to examine the potential relationship between self-

awareness, executive function and depression in post-acute acquired brain injury. 

 

Method.  25 participants prospectively recruited from a community brain injury 

rehabilitation service completed the Awareness Questionnaire (AQ), the Hospital Anxiety 

and Depression Scale (HADS), the Trail Making Task (TMT) and the Wisconsin Card 

Sorting Test (WCST).  Each participant’s treating clinician also completed the Awareness 

Questionnaire (clinician form) for comparison. 

 

Results.  Hierarchical multiple regression revealed that depression (HADS) and set shifting 

(TMT) were significant predictors of level of self-awareness (AQ) following acquired brain 

injury.  Contrary to previous research, the Wisconsin Card Sorting Test was not predictive of 

self-awareness. 

 

Conclusion.  Consistent with previous research, reduced self-awareness appears to be 

protective against symptoms of depression even after the acute stages of recovery.  Clinical 

implications include the importance of monitoring levels of self-awareness even in post-acute 

ABI, including neuropsychological and psychological factors that might be contributing to 

and maintaining varying levels of self-awareness.  

 

Keywords: Acquired Brain Injury, Awareness, Depression, Executive Function, Post-

Acute, Neuropsychological Rehabilitation. 
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INTRODUCTION 

 

Acquired brain injury (ABI) is an umbrella term that refers to an injury to the brain 

following birth but excludes neurodegenerative disorders such as the dementias and multiple 

sclerosis.  Self-awareness in this context refers to the ability of an individual with an ABI to 

recognise difficulties acquired as a result of the injury (Crosson et al., 1989).  Deficits in self-

awareness are common following ABI (Schacter, 1990; Sherer, Hart & Nick, 2003) and 

reportedly cause the most impact on quality of life as reported by caregivers (Ergh, Rapport, 

Coleman & Hanks, 2002).   

 

Deficits in self-awareness are important to identify as they can seriously hamper 

rehabilitation efforts.  It is logical that without adequate awareness of deficits following ABI, 

the patient will not be motivated to engage in rehabilitation and to learn techniques to 

compensate for such deficits (Allen & Ruff, 1990; Askenasy & Rahmani, 1987; Prigantio, 

1988; Groswasser, Mendelson, Stem, Schechter & Najenson, 1977; Najenson et al., 1975; 

Schachter, Gilsky & McGlynn, 1990).  Researchers have found that patients with ABI and 

reduced self-awareness will consistently demonstrate greater impairment in self-awareness 

for cognitive and behavioural difficulties as opposed to physical difficulties (Hendryx, 1989; 

Prigantio, Altman & O’Brien, 1990). 

 

Self-awareness and depression 

 Psychologically based theories of self-awareness suggest that reduced self-awareness 

following ABI is influenced by pre-morbid personality and is the result of a ‘psychological 

defence mechanism’ (Gainotti, 1993; Prigatano, 1996; Weinstein & Kahn, 1955) which acts 

as a protective barrier against depression.  Research has demonstrated a negative relationship 
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between self-awareness and depression (Malec, Machulda & Moessner, 1997; Wallace & 

Bogner, 2000) whereby people with reduced self-awareness are more protected from 

depression compared to those who have intact awareness of their difficulties.  Malec, Testa, 

Rush, Brown & Moessner (2007) examined the relationship between depression following 

ABI, self-awareness and demographic data.  They found a strong association between self-

awareness and depression whereby those participants with impaired self-awareness reported 

less depressive symptoms.  Malec et al. (2007) interpreted this association as reduced self-

awareness providing a barrier to depression, which would be consistent with psychologically 

based theories of self-awareness (Gainotti, 1993; Prigatano, 1996; Weinstein & Kahn, 1955).  

Furthermore, this effect was consistent amongst orthopaedic participants who had not 

sustained a brain injury.  One major limitation of the above study is that the self-awareness 

measure was developed post-hoc from self reported measures of impairment; therefore 

repetition with standardised measures would be needed. 

  

In the social psychology literature, it has been suggested that reduced levels of self-

awareness can in fact be related to increased levels of depression, contrary to the research 

described above.  According to theories of self-efficacy (Bandura, 1977; Gage, & Polatajko, 

1994) reduced self-awareness can result in outcomes or failures that were unexpected and can 

lead to feelings of insecurity for the individual.  This environmental feedback has been linked 

to confusion, loss of control and depression which ultimately result in decreased self-efficacy 

(see Toglia & Kirk, 2000).   

 

Self-awareness and executive function 

 ‘General disorder theories’ suggest that deficits in executive function lead to reduced 

self-awareness (Mesulam, 1985; Shallice & Burgess, 1991; Stuss, 1991).  Executive function 
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is an umbrella term used to describe the plethora of complex higher order cognitive abilities 

that allow humans to “formulate goals; to initiate behaviours; to anticipate the consequences 

of action; to plan and organise behaviour according to spatial, temporal, topical or logical 

sequences; and to monitor and adapt behaviour to fit a particular task or context” (Cicerone 

et al., 2000; p1605).  Impairments in executive function following ABI are common.  

Ponsford and colleagues (2014) reported in their longitudinal study that 45% of their 

participants (n=41) experienced some difficulties with executive function 10 years post ABI. 

  

A number of studies have investigated the relationship between various measures of 

executive function and self-awareness but findings appear to be inconclusive.  Some studies 

have found significant relationships between measures indicating impaired self-awareness 

and elements of the Wisconsin Card Sorting Test (specifically number of categories 

completed and number of perseverative responses) indicating that decreased ability to inhibit 

a response and poor flexibility may play a part in decreased self-awareness (Bivona et al., 

2008; Noe et al., 2005).  Other studies failed to find any significant correlations between 

reduced self-awareness and measures of executive function (Bach & David, 2006; O’Keefe 

Dockree, Moloney, Carton & Robertson, 2007).  It is possible that the inconsistencies in these 

studies could be explained by differences in methodological rigour and in the tools used to 

measure self-awareness and executive function.  Additionally, the studies do not account for 

depression; therefore it is difficult to draw any firm conclusions. 

 

 The aim of the current study was to address some of the issues mentioned above by 

investigating whether there was a link between measures of self-awareness (with good 

reliability) and elements of executive function, but also what role depression plays in the 

relationship.  
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METHOD 

 

Participants 

Power analysis (parameters: ß=0.80, α = 0.05) indicated that to detect a medium sized 

correlation, the sample size required was 29.  The final group of participants consisted of 25 

prospectively recruited individuals with an ABI all aged between 25 and 69.  The nature of 

ABI ranged from TBI (classified as moderate to severe), Cerebral Vascular Accident (CVA), 

encephalitis and tumour, with the time since injury ranging from 14 months to 43 years.   All 

participants were receiving ongoing care from a community brain injury rehabilitation service 

commissioned by the National Health Service in the United Kingdom.  Participants were 

referred to the service by health professionals for a range of physical, emotional or cognitive 

difficulties as a result of their ABI.  Further demographic information is included in Table 1. 

 

Table 1. Participant demographic data 

 Entire sample 

(n=25) 

TBI 

(n=18) 

CVA 

(n=5) 

Other (n=2, 

encephalitis and 

tumour) 

Age M (SD) 49.8 (11.41) 48.67 (11.95) 55.2 (9.90) 46.5 (10.60) 

Sex (Male : 

Female) 

21:4 15:3 5:0 1:1 

Time (months) 

since injury M 

(SD) 

106.1 (116.30) 116.22 (134.39) 72.8 (48.50) 98.5 (30.40) 

Education 

(years)  M (SD) 

13.2 (2.10) 12.94 (1.59) 13.2 (3.30) 16 (0) 

Employment 

status 

(employed : 

unemployed) 

6:19 5:13 0:5 1:1 

 

  Initially, ABI was confirmed either by examination of clinical imaging (e.g. Magnetic 

Resonance Imaging or Computerised Tomography) or confirmation from the consultant 
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neurologist as a routine process to determine appropriateness for the community brain injury 

rehabilitation service.  Further information regarding the nature and site of the ABI were 

collected with consent from each participant by the principal author via retrospective 

examination of medical notes. 

 

Exclusion criteria were utilised to control for confounding variables.  Participants 

were excluded from the study if they sustained an ABI less than 12 months before the study, 

had any current substance misuse difficulties, any co-morbid neurodegenerative disease or a 

previous diagnosis of an intellectual disability. 

 

Measures 

 

Demographic data 

The principal author collected demographic information from each participant, 

including: age, sex, work status, highest achieved education level, time since injury and 

nature and site of injury.  

 

Measures of awareness 

Self-awareness was measured using the Awareness Questionnaire (AQ; Sherer, 

Bergloff, Boake, High & Levin, 1998) which consists of three forms; patient, significant 

other and clinician.  The questionnaires are designed to assess the amount of insight or self-

awareness the participant has about their functioning following ABI.  The patient form and 

significant other form consists of 17 items while the clinician form consists of 18.  The extra 

item allows the clinician to rate their own perception of the patient’s self-awareness.  Each 

item on the forms addresses the patients’ current abilities as compared to their abilities pre-
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injury.  Scores range from 17 to 85, the discrepancy between the clinician and patient rating 

is calculated, and a discrepancy >20 represents clinical levels of impaired self-awareness 

(Evans, Sherer, Nick, Nakase-Richardson & Yablon, 2005).  The discrepancy scores range 

from -68 to 68 where negative scores represent an over-estimation of difficulties (Cicerone, 

1991; Prigatano & Altman, 1990).  Internal consistency for the scale is Cronbach’s α of .88 

for patient and significant other (Sherer et al., 1998).  In a more recent study, Cronbach’s α 

values of .84 (patient), .91 (clinician) and .89 (significant other) were found across the entire 

scale (Carroll & Coetzer, 2011).  The current study will utilise the patient and clinician forms 

due to predicted difficulty in obtaining significant other ratings. 

 

Measures of higher level cognitive function 

The Wisconsin Card Sorting Test was used (WCST; Heaton et al., 1993) to measure 

various aspects of executive function including perseveration and flexibility.  This task can be 

administered via a computerised version or by hand, the current study used the manual 

version.  The participant is required to match cards (128) to their target cards (four) according 

to rules (colour, shape or number) which are unknown to the participant.  Participants are to 

work it out via feedback from the examiner of ‘correct’ or ‘incorrect’.  The rules change 

throughout the test and the participant is required to independently shift to the new rule.  The 

WCST is used widely to measure executive function and has been used in a number of 

populations (Romine & Reynolds, 2005).  Generalisability coefficients are reported for the 

nine sub-scores within the WCST and range from 0.39 to 0.72 (mean = 0.57; Heaton et al., 

1993).  Generalisability coefficients of 0.60 and above are deemed to show very good 

reliability (Cicchetti & Sparrow, 1981; Mitchell, 1979).  Due to the limited sample size, it 

was decided to concentrate on the number of categories completed (WCST categories) and 
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perseverative errors (WCST perseverative errors) as a measure of flexibility and inhibition in 

line with previous research (Bivona et al., 2008; Noe et al., 2005). 

 

The Trail Making Task (TMT; Reitan, 1958) was also selected as a traditional test of 

set shifting.  In part A, participants connect 25 numerical targets as quickly as possible.  

Targets are numbered from one to 25 and they are connected sequentially. In part B, 

participants are required to connect targets switching between numbers and letters, 

sequentially, e.g. 1-a, 2-b, 3-c etc.  The time taken to complete each task is recorded and the 

difference between time taken to complete TMT A and B will be calculated.  The TMT has 

been shown to have good reliability for part A (r = 0.75), part B (r = 0.85) and the difference 

between part A and B (r = 0.74; Giovagnoli et al., 1996).  The current study will use the 

difference between TMT A&B as it has been shown to minimise the visuo-perceptual and 

working memory demands, resulting in a more specific measure of set shifting (Sanchez-

Cubillo et al., 2009).  

 

Measures of psychological affect 

The Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 1983) was 

used as a measure of psychological affect.  The HADS is a self-report questionnaire that 

consists of 14 items giving separate subscale measures of anxiety and depression, where 

higher sores represent higher levels of anxiety and depression.  Subscale scores of 0 – 7 are 

considered to be in the ‘normal range’, 8 – 10 ‘borderline range’, and 11-21 are considered to 

be in the ‘abnormal’ or ‘clinical’ range.  The HADS is deemed to have sound psychometric 

properties with a Cronbach’s α from 0.68 to 0.93 (mean α=0.83) for the anxiety subscale and 

0.67 to 0.90 (mean α=0.82) for the depression subscale (Bjelland, Dahl, Haug & 

Neckelmann, 2002).  It has also be shown to be a reliable measure to be used with ABI 
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populations as it has an emphasis on behavioural and affective symptoms and the exclusion 

of items pertaining to physical symptoms (Whelan-Goodinson, Ponsford & Schonberger, 

2009). 

 

Procedure 

Full ethical approval was granted by the National Health Service Research Ethics 

Committee (NHS REC) and the School of Psychology at Bangor University, UK.  Following 

approval, participants were approached in the first instance by their treating clinician at the 

brain injury rehabilitation service to register interest in the study, and gain verbal consent for 

the principal author to contact them via telephone at a later date.  The principal author made 

contact with each potential participant to answer questions and to arrange a convenient time 

for testing if they wished to participate.  Testing was completed in an NHS clinic room local 

to the participant or in their own home at their convenience or preference.  Fully informed 

verbal and written consent was gained from each participant who agreed to take part.  Testing 

was completed in a quiet environment free from distractions and took around one hour on 

average.  All participants were fully debriefed following assessment and given the option of 

receiving their individual results at a later date. 

 

Statistical Analysis 

The statistical software package IBM SPSS version 24 (IBM Corp, 2016) was used to 

complete all statistical analyses.  In the first instance independent sample t-tests were run to 

see if there were any significant differences in measures of self-awareness between the TBI 

and CVA participants.  If no significant differences were found then it would be appropriate 

to run the analysis on the entire sample.  It was not deemed appropriate to run the t-test for 

the ‘other’ category as only two participants fell into this category.  A hierarchical multiple 
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regression was run to understand the individual contributions of the independent variables to 

the explanation of variance within the AQ.  Due to the exploratory nature of the present study 

and the inconclusive findings from previous research, it is not possible to compare the current 

findings with an existing model.  To ensure a thorough analysis of the current data, the 

regression model was run with the AQ discrepancy as the dependent variable and 

demographics (age and education) at the first step, as these are fundamental qualities of each 

participant.  Due to the order of variables entered into regression models having an effect on 

the significance levels, it was prudent to compare the regression models with each 

combination of variables to ensure results were consistent.  The proceeding regression 

analyses were run for the remaining variables in each possible order of entry (six ways) with 

the WCST measures consistently grouped together.  The best fitting regression model was the 

model in which each variable continued to improve the fit, yet remained parsimonious.   

 

RESULTS 

 

 There was no significant difference between TBI and CVA participants on the 

dependent variable (t(21) = .078, p = .233), therefore the participants were pooled into one 

sample. 

 

The discrepancy analysis between the AQ patient and clinician rating indicated that 

no participants fell in the clinically significant range for impaired self-awareness (Evans et al. 

2005).  However, nine participants scored between 10 and 20 points higher than the clinician 

rating, indicating scores approaching the clinical level.  Descriptive statistics also indicated a 

range of awareness levels in the sample.  11 participants had a negative score for AQ 

discrepancy indicating that they had a potentially over inflated estimation of their difficulties.  
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Mean score for Depression (HADS) fell within the ‘borderline’ range with 10 participants 

meeting the clinical range for depression. Descriptive statistics for measures are outlined in 

Table 2. 

 

 

N=25 
Minimum Maximum Mean Standard 

Deviation 

AQ Patient Form 21 53 34.12 8.51 

AQ Clinician Form 27 46 34.84 4.47 

AQ Discrepancy -14 17 -.72 9.19 

HADS Depression 3 17 8.96 4.07 

TMT B-A 15 252 64.4 55.28 

WCST Categories 0 6 5.08 1.77 

WCST Perseverative Errors 4 68 16.4 14.61 

 

 

 

 

 

 The hierarchical multiple regression was run with eight combinations of variables in 

total as described above.  Regardless of the order of the variables entered into the regression 

analysis, TMT discrepancy was consistently shown to contribute a statistically significant 

proportion of the variance in the dependant variable (p = .014 to .039).  HADS depression 

was also shown to consistently contribute to the model regardless of the order of variables 

entered into the analysis (p = .001 to .015).  WCST scores (categories and perseverative 

errors) were consistently found not to be significant predictors of the dependant variable, 

regardless of the order in which they were entered into the regression model (p = .250 to 

.962).  The amount of variance accounted for by the regression models ranged from 17.0% 

(model one) to 61.9% (model 4; see Table 3).  

  

Table 2.  Descriptive statistics of neuropsychological measures 

Note.  AQ = Awareness Questionnaire, HADS = Hospital Anxiety and 

Depression Scale, WCST = Wisconsin Card Sorting Test, TMT = Trail Making 

Task. 
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Model R2 

1. Demographics .170 

2. Demographics + Depression .479 

3. Demographics + Depression + WCST scores .454 

4. Demographics + Depression + TMT Discrepancy .619** 

5. Demographics + WCST scores .237 

6. Demographics + WCST scores + TMT Discrepancy .403 

7. Demographics + TMT Discrepancy .325 

8. Demographics + Depression + TMT Discrepancy + WCST scores .616 

 

According to analysis of F change values (F2), the best fitting model was Model 4 (see 

Table 3).  Demographics were entered into step one of the analysis which accounted for 17% 

of the explained variance in the dependant variable (AQ discrepancy), but was not found to 

be a significant contributor to the variance (F2
(2, 22) = 2.247, p = .129).  The introduction of 

HADS depression at step two was found to increase the variance of the model to 47.9% and 

explained a significant amount of the variance over and above demographic information 

alone (F2
(1,21) = 12.495, p = .002).  Finally, the introduction of the TMT discrepancy at step 

three was again found to significantly increase the variance of the regression model to 61.9% 

and explained a significantly higher proportion of the variance over and above steps one and 

two (F2
(1,20) = 7.314, p = .014). 

 

Further examination of the variables in the best fitting regression model (model 4) 

confirmed that depression (t(24) = -3.924, p = .001) and TMT discrepancy (t(24) = -2.704, p = 

.014) were significant predictors of AQ discrepancy over and above the other variables’ 

contribution to the model.  The direction of the relationship demonstrated that higher levels 

Table 3.  Each regression model with corresponding R2 value 

Note.  HADS = Hospital Anxiety and Depression Scale, TMT = Trail Making 

Task, WCST = Wisconsin Card Sorting Test.  ** = the best fitting regression 

model. 
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of depression were associated with increased self-awareness and more difficulty set shifting 

on the TMT was associated with reduced levels of self-awareness.   Education was also found 

to be a significant predictor in the final model (t(24) = 2.987, p = .007) with increased years of 

education being associated with reduced levels of self-awareness (see Table 4). 

 

 

 B Std. Error β t Sig. 

Constant -13.382 9.708 - -1.378 .183 

Age -.091 .115 -.113 -.792 .437 

Education 1.845 .618 .415 2.987 .007* 

HADS Depression -1.256 .320 -.556 -3.924 .001* 

TMT Discrepancy .063 .023 .376 2.704 .014* 

 

DISCUSSION 

 

 Consistent with previous research (Malec et al., 2007; Wallace & Bogner, 2000), the 

current study found that awareness was negatively associated with self-reported levels of 

depression.  Contrary to previous research (Bivona etal., 2008; Noe et al., 2005) the current 

study failed to find any significant relationships between the WCST and levels of self-

awareness, but this was consistent with some previous research (Bach and David, 2006; 

O’Keefe et al., 2007).   Interestingly, the current study also found that set shifting, as 

measured using the TMT was a significant predictor of self-awareness.  The multiple 

regression model confirmed that depression and the TMT discrepancy were contributing 

independently to the explained variance in the AQ discrepancy score. 

 

Table 4.  Coefficients of best fitting multiple regression model  

Note.  HADS = Hospital Anxiety and Depression Scale, TMT = Trail Making 

Task. * = significant at the .05 level. 
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 The current study provides partial support for general disorder theories of self-

awareness which suggest that disruption to higher order executive cognitive skills lead to 

deficits in self-awareness. (Mesulam, 1985; Shallice & Burgess, 1991; Stuss, 1991).  

However the theory does not specify which elements of executive function may be able to 

explain deficits in self-awareness.  There is some empirical support for general disorder 

theories finding associations between measures of executive function and measures of self-

awareness (Allen & Ruff, 1990; Bivona et al., 2008; Malec, Machulda & Moessner, 1997; 

Noe et al., 2005; Ownsworth, McFarland & Young, 2000; Starkstein et al., 1993; Trudel, 

Tryon & Purdum, 1998).  The studies use various measures of executive function and self-

awareness, so it is impossible to draw any firm conclusions from these findings.  The current 

study focused on measures of flexibility, inhibition and set shifting.  Interestingly the only 

significant predictor of self-awareness was set shifting, which suggests in this sample that a 

specific element of executive function is related to self-awareness, as opposed to the inclusive 

general disorder theories.  It is plausible that if someone struggles to re-direct their attention 

(set shifting) then it would be more difficult to shift towards external stimuli informing the 

person of acquired difficulties.   

 

 In line with previous research, the current study demonstrated an association between 

reduced self-awareness and lower levels of reported depression (Fleming, Strong & Roderick, 

1998; Malec et al., 2007; Wallace & Bogner, 2000).  Psychologically based theories of self-

awareness propose that because awareness is qualitatively different between each person, 

impaired self-awareness can be attributed to a combination of pre-morbid personality, coping 

style and post-injury personality (Giacino & Cicerone, 1998; Ownsworth et al., 2000).  

Potentially the significant finding of years of education found in this study could contribute to 

these pre-morbid factors that are thought to influence self-awareness.   These theories 
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however reject the influence of neuropsychological factors in explaining different levels of 

self-awareness.   

  

The results from the current research would be more in line with integrated theories of 

self-awareness which recognise that there are numerous ways in which each person with a 

brain injury adapts and represents themselves (Ownsworth et al., 2000).  The presentation of 

a person with reduced self-awareness varies enormously so it is possible that a number of 

factors contribute to the development and maintenance of impaired self-awareness.  Allen & 

Ruff (1990) proposed that there are three distinct levels of processing that allow humans to 

have accurate self-awareness.  The first level requires the individual to attend to information 

about the self which would naturally be vulnerable to neuropsychological deficits.  The 

second level requires the individual to ‘appraise’ the information about the self and compare 

it to pre-morbid functioning.  The final level involves the willingness of the individual to 

disclose such information to another person.  The authors propose that the final two levels are 

vulnerable to both psychological and neuropsychological factors.  The ability to self-monitor 

will naturally be affected if an individual struggles to set shift (Borkowski, 1996; Hacker, 

1998; Schneider, 1998).  With support, individuals may be able to identify difficulties, but 

potentially, will not be able to shift to new strategies or adjust their performance accordingly 

(Toglia & Kirk, 2000).  

 

The present study found that 44% of participants (n=11) reported more difficulties 

following their brain injury on the AQ compared to their clinician’s rating.  Overestimation 

of difficulties following brain injury has been linked to more mild brain injury (Jamora, 

Young and Ruff, 2011) and to co-morbid major depression (Chamelian & Feinstein, 2006).  

In the context of Allen & Ruff’s (1990) model described above, it is possible that these 
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participants are somewhat hypervigilant to changes in their functioning following ABI which 

will naturally influence levels one and two in the model.  To understand the nature of this 

relationship more fully is beyond the scope of the present study.  More data will be needed to 

be able to make reliable comparisons between subgroups within the data.  It does however 

highlight the clinical importance of fully understanding each individual’s subjective 

experience of their functioning following ABI. 

 

Limitations 

 The present study was subject to a few limitations.  Firstly, it should be noted that 

with a small sample size (n=25), the researchers were limited as to the number of variables 

which could reliably be entered into the regression model, due to the risk of ‘over-fitting’ the 

model.  Smaller sample sizes are also subject to inflated type II errors where only the largest 

associations between variables are detected. It is likely that the current study was 

underpowered due to a slightly smaller sample size than required by the power analysis.  

Continuing to collect data would allow the researchers to make more reliable predictions 

regarding the relationships described above.  The participants included in the sample also had 

mixed aetiologies which could be argued as reducing external validity due to heterogeneity.  

It was also not possible to assess each participant’s pre-morbid experience of depression 

which may act as a confounding variable.  The cross-sectional nature of the study also means 

that it is impossible to make any assumptions regarding changes in self-awareness and the 

relationship with depression and executive function over time, or any causative relationships.  

More tightly controlled longitudinal studies with larger sample sizes would allow further 

insight into these relationships.  Nevertheless, the current study consisted of a real world 

clinical sample representative of individuals presenting at community brain injury 

rehabilitation services. 
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Conclusion 

In conclusion, the results from this investigation raise important considerations for 

clinical practice.  Firstly, levels of self-awareness are still variable in the post acute (>1 year) 

stages of ABI and thus it is important to continue to monitor awareness in community 

settings, as well as inpatient settings due to the negative impact on rehabilitation.  Also, 44% 

of the sample (n=11) reported an overestimation of their difficulties so it is vital to gain a 

comprehensive understanding of patients’ perceptions of their difficulties following ABI.  

Secondly, it is likely that both higher order neuropsychological and psychological factors 

contribute to the development and maintenance of impaired self-awareness.  As discussed 

above, it is possible that the ability to set shift is fundamental to accurate self-monitoring and 

subsequently self-awareness.  TMT is a classic test of set shifting and is quick and easy to 

administer, making it a useful tool to monitor set shifting performance over time.  It is 

important for clinicians to monitor patients’ functioning in the above areas to further 

understand how people perceive changes in function following ABI in a person-centred 

manner.  
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Implications for future research and theory 

 

 The current meta-analysis aimed to answer the question; is physical exercise an 

effective intervention to reduce depressive symptoms following acquired brain injury (ABI)? 

In line with previous research utilising exercise as an intervention to treat depression in non-

ABI populations, the current meta-analysis found a small to medium main effect (Krogh, 

Nordentoft, Sterne & Lawlor, 2010; Mead et al., 2009).  The empirical paper aimed to further 

understand the relationship between self-awareness, depression and executive function in 

people with ABI.  The results suggested that both depression and executive function (in 

particular set shifting) were related to self-awareness and accounted for different proportions 

of the variance within the self-awareness measure.  The current paper aimed to bring together 

the meta-analysis and the empirical paper to demonstrate how both separate but 

fundamentally linked pieces of research contribute to current psychological theory regarding 

self-efficacy and implications for clinical practice.  

 

 Self-efficacy can be described as the belief and amount of confidence a person feels to 

accomplish certain tasks or to succeed in situations (Bandura, 1997).  It has been proposed 

that self-efficacy may be one mechanism which could explain why physical exercise can help 

to reduce depressive symptoms (Craft, 2005).  People with depression often experience low 

self-efficacy and Bandura (1997) describes how low self-efficacy will often lead to more 

negative ruminations and self-evaluations.  People with depression will often internalise 

blame for negative events which serves to maintain the depressive symptoms (Peterson & 

Seligman, 1984).  Clearly, multiple sources of information will inform each person’s efficacy 

beliefs, but the most reliable source appears to come from experiences of mastery.  If an 

individual is able to repeatedly achieve the desired outcome despite changes in situation and 
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different obstacles that present themselves, they are likely to experience feelings of mastery 

and thus higher self-efficacy (Craft, 2005).  On the opposing end of the continuum, if an 

individual experiences multiple failures to achieve desired outcomes, this will lead to reduced 

feelings of self-efficacy. 

 

Alongside the obvious health benefits, physical exercise has the potential to be an 

effective strategy to enhance self-efficacy beliefs due to the potential for experiencing 

mastery of meaningful activities.  Interventions intended to improve self-efficacy focus on 

teaching the person to monitor their own behaviour, setting realistic and achievable goals and 

using appropriate social support to keep desired behaviours going (Bandura, 1997).  In regard 

to physical exercise interventions, learning to set appropriate exercise goals and to monitor 

own exercise behaviour alongside encouragement and support from an instructor will all 

naturally lead to feelings of mastery and thus increased self-efficacy (Craft, 2005).  It is 

therefore plausible that the reduction of depressive symptoms following physical exercise 

interventions may be related to experiences of mastery. 

 

The ability to self-monitor is a key factor to facilitate increased self-efficacy.  As 

discussed in the empirical paper, altered levels of self-awareness following ABI are common 

(Schacter, Glisky & McGlynn, 1990; Sherer, Hart & Nick, 2003) and can manifest in an 

overestimation of one’s abilities, which can lead to reduced self-efficacy (Bandura, 1977; 

Gage, & Polatajko, 1994).  Overestimation of abilities can lead to outcomes or results which 

were unexpected and can lead to insecurity for the individual who will not know whether 

things will turn out right or wrong (Toglia & Kirk, 2000).  This uncertainty can result in 

feelings of confusion, loss of control, emotional distress and ultimately avoidance.  

Alternatively, blame may be put on external sources, again leading to avoidance but also 
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potentially hostility and isolation (see Figure 1 for a graphical representation).  Ultimately, 

either reaction will lead to a reduction in self-efficacy (Bandura, 1997; Cotrell, 1997; 

Hibbard, Gordon, Stein, Grober & Sliwinski, 1992; Toglia & Kirk, 2000).  

 

 

 The model of self-efficacy discussed provides a potential psychological explanation 

as to why physical exercise has been found to have a small to medium anti-depressant effect 

in people with (see current meta-analysis) and without ABI (Krogh, Nordentoft, Sterne & 

Overestimates Performance: Does not anticipate difficulties 

Unexpected Outcome – Task Failure 

 Perplexed, confused 

 Loss of control 

 Decreased self esteem 

 Anxiety or depression 

 Decreased effort and 

persistence 

 Blame external 

sources 

 Avoidance, resistance 

 Hostility 

 Negative social 

feedback 

 Mistrust, isolation 

Decreased Satisfaction and Sense of Achievement 

Low Self Efficacy 

Different Responses 

Figure 1. Overestimation of performance lowers self-efficacy.  Adapted 

from Toglia & Kirk (2000) 
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Lawlor, 2011; Mead et al., 2008).  The empirical paper also provides a further insight into the 

factors that could interrupt the process of increasing self-efficacy.  The empirical paper found 

that reduced self-awareness (or overestimation of abilities) is related to difficulties with set 

shifting.  If an individual has difficulty shifting between different sources of information, 

naturally we would expect them to have difficulty self-monitoring.  This will be important to 

take into account when considering interventions to increase self-efficacy which will rely on 

the individual being able to monitor their behaviour and performance.  As with the 

intervention studies included in the meta-analysis (Bateman et al., 2001; Bellon et al., 2015; 

Chin, Keyser, Dsurney & Chan, 2015; Damiano, Zampieri, Acevedi & Dsurney, 2016, Driver 

& Ede, 2009; Lee, Ashman, Shang & Suzuki, 2014; Rzezak et al., 2015; Schwandt et al., 

2012; Weinstein et al., 2016; Wise, Hoffman, Powell & Bombadier, 2012) it is important to 

adapt interventions appropriately for people with ABI.  This could be in the form of 

additional feedback to scaffold self-monitoring, help setting and remembering realistic goals 

or psycho-education regarding the consequences of ABI.  Future research should concentrate 

on further controlled trials to understand the anti-depressant effect of exercise post ABI.  

Routinely collecting data regarding self-efficacy, awareness and depression will help to 

further understand the possible associations discussed above. 

 

The empirical paper found that a significant proportion (44%) of participants actually 

over estimated their difficulties and acknowledged that investigating further this finding was 

beyond the scope of the study.  Future research should aim to recruit a larger participant 

sample to allow sufficient power to analyse the subgroup of participants overestimating their 

difficulties and to assess whether there is anything unique about this group compared to those 

who are either in-line with clinician ratings or underestimating their difficulties (decreased 

awareness).  It would be interesting to look at the nature and severity of the brain injury and 
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depression measures as these have both been linked with overestimation of difficulties in 

previous research (Chamelian & Feinstein, 2006; Jamora, Young and Ruff, 2011).   

 

 

Implications for clinical practice 

 

 The findings from the current meta-analysis provide some support for the use of 

physical exercise as an intervention to reduce depressive symptoms following brain injury.  

Fann et al. (2009) conducted a telephone survey and the Patient Health Questionnaire with 

145 adults within 12 months of being admitted with mild to severe traumatic brain injury 

(TBI).  During the telephone interview, patients were asked about willingness to participate 

in different treatment modalities should they experience depression in the future.  The sample 

consisted of 37 patients classed as experiencing depression as according to the Patient Health 

Questionnaire and 108 patients who did not report elevated depressive symptoms.  84% of 

the sample indentified physical exercise as the treatment of choice above all others 

(psychotherapy, alternative medicine, self-help, anti-depressants and support groups).  This 

finding alongside the small to medium antidepressant effect of physical exercise following 

brain injury (current meta-analysis) provides support for the use of physical exercise as a 

clinical intervention to help with depression following brain injury.  It will be important that 

exercise interventions are conducted in a person-centred manner, taking into account each 

individual’s physical and cognitive needs.  It may be necessary to provide extra support to 

remind patients to complete exercise between supervised sessions and to ensure that 

instructions are appropriate for each individual’s level of comprehension. 
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 Since 2007, across Wales the Welsh Assembly Government has funded the ‘National 

Exercise Referral Scheme’ (NERS), a scheme whereby health professionals can refer their 

patients to a local gym to use the exercise equipment in a supervised and individualised 

exercise plan.  The current meta-analysis and qualitative data described above (Fann et al., 

2009) provides further support for this scheme for people with an ABI.  Increasing physical 

activity will have obvious health benefits as well as the potential to increase self-efficacy and 

reduce depressive symptoms.  Depression often leads to avoidance and subsequently 

isolation, therefore attending a public gym will also go some way to combating the social 

isolation that many people with ABI face.  Only 10 studies met the inclusion criteria for the 

meta-analysis.  It will be important for future research to continue to investigate the use of 

physical exercise as an intervention for depression following ABI, to provide further 

evidence for its use in clinical settings. 

 

 The results from the empirical paper are also important to take into account when 

considering the use of physical exercise as an intervention to reduce depressive symptoms 

following ABI.  As discussed, deficits in self-awareness following ABI are common and the 

current empirical paper demonstrated that self-awareness levels can still vary many years 

following ABI (one to 43 years).  Monitoring self-awareness will allow clinicians to tailor 

exercise programmes and recommendations to ensure they are appropriate for the individual, 

alternatively, if self-awareness is severely impaired then a behavioural exercise programme 

may not be appropriate at that time. 

 

 The empirical paper also raises wider clinical implications in regard to our 

understanding of the mechanisms underlying self-awareness.  The current results indicated 

that a specific higher order cognitive function (set shifting) is related to different levels of 
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self-awareness whereby people who demonstrated less self-awareness had more difficulty in 

set shifting.  Theories acknowledge that both higher order cognitive function and 

psychological distress are likely to play a role in the development and maintenance of altered 

levels of self-awareness (Allen & Ruff , 1990; Ownsworth et al., 2000) but fail to identify 

specific neuropsychological functions that may be related.  More research is required to 

replicate the findings of the current study.  However, when engaging individuals with ABI in 

rehabilitation it would be prudent to monitor levels of self-awareness with all available 

sources of information, and to be aware and monitor potential deficits in set shifting.  Due to 

the detrimental effect of reduced self-awareness on rehabilitation goals (Allen & Ruff, 1990; 

Askenasy & Rahmani, 1987; Prigantio, 1988; Groswasser, Mendelson, Stem, Schechter & 

Najenson, 1977; Najenson et al., 1975; Schachter, Gilsky & McGlynn, 1990), clinicians may 

be able to tackle this by supporting the individual to self-monitor and scaffold the process of 

shifting between internal and external feedback, with the ultimate goal of improving self-

awareness and subsequently engagement in restorative and compensatory rehabilitation 

strategies.  It is also important to recognise when individuals might be overestimating their 

difficulties following a brain injury as demonstrated with 44% of the participants in the 

empirical research paper.  Rehabilitation following ABI tends to concentrate on 

compensating for acquired difficulties by placing more reliance on intact skills.  To ensure 

rehabilitation is person centred and effective, firstly the clinician and the individual need to 

understand the individual’s strengths and weaknesses.  If the individual is over estimating 

their difficulties then it will be important to engage in psycho-education and potentially some 

behavioural experiments to ensure the individual can then engage fully in the most effective 

rehabilitation strategies. 
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 When attempting to quantify an abstract concept such as self-awareness, it is 

important to carefully consider the tools used and the limitations of such a process.  The 

empirical paper utilised the Awareness Questionnaire (AQ; Sherer et a., 1998) which consists 

of three forms; patient, significant other and clinician.  The AQ requires the respondent to 

rate their own or the person with the ABI’s functioning in different areas compared to pre-

injury levels.  The current study analysed the discrepancy between the patient and clinician 

ratings whereby a higher discrepancy constitutes more impaired self-awareness (Evans et al., 

2005).  This works on the assumption that the clinician’s rating of the individual is in fact 

potentially more accurate than the individual’s rating of him or herself.  It is important to 

recognise that most clinicians will form a relationship with a patient only after they have 

acquired a brain injury (and not before).  Therefore, the clinicians’ comparisons to pre-injury 

levels are likely based on reports from the patient, significant others and estimations from 

neuropsychological test data.  However, these sources of information are certainly not 

universally available to each clinician and regarding each patient.  This puts into question the 

consistency with which clinicians can be expected to draw comparisons between pre and post 

injury functioning.  Any measure attempting to capture an abstract concept such as self-

awareness is going to have its limitations.  It is important to interpret the AQ with an 

appropriate amount of caution and acknowledge the limitation of using multiple subjective 

questionnaires to measure the concept of self-awareness.  The AQ is not alone in its reliance 

on the discrepancy between ratings to make judgements on levels of self-awareness following 

injury (Fleming, Strong & Ashton, 1996; Sherer, Hart & Nick, 2003) and it was deemed an 

appropriate measure to use for the current study (Carroll & Coetzer, 2011; Sherer et al., 

1998).  To try to account for some of the limitations, the current study would have benefitted 

from collecting AQ data from significant others in addition to that from the clinician to allow 

as accurate measure as possible of the individuals’ functioning pre and post ABI.  The current 
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author would also recommend that future research utilising the AQ endeavour to collect data 

from the individual themselves as well as two informants.    

 

Reflective Commentary 

 

 When the time came to decide in which area of psychology to conduct my DClinPsy 

research, for me, it was simple.  Since completing a single module in ‘Cognitive 

Neuroscience’ in my undergraduate degree in 2005, I was hooked and did not hesitate when I 

secured the funds to complete a Master’s degree in neuropsychology.  Throughout my 

clinical training I have tried to remain open minded when experiencing core placements in 

other disciplines but my core instinct always drew me back to neuropsychology.  I have often 

reflected upon what it is about this subject that resonates so strongly with me, it is not 

something that has touched me on a personal level.  Having the wonderful opportunity to 

utilise the personal and professional development therapy vouchers provided me with another 

aspect upon which to reflect.  It was in this forum that it was suggested to me that having 

something concrete to identify on a scan was somehow safer to me than the unpredictability 

of general mental health services. For me though, I am genuinely fascinated by brain-

behaviour relationship and the varied changes that occur following an acquired injury but 

also the incredible resilience I have witnessed working with people across the lifespan.  

Maybe there is an element of safety there that stems from 12 years of interest, academia and 

work in the field. 

 

 Even before the data collection started I was acutely aware of the potential burden I 

was placing on busy clinicians in the service from which I was hoping to recruit.  The 

approved ethics stated that participants were to be approached by their treating clinician in 
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the first instance.  This left me in a position of relying on already very busy clinicians to a) 

remember to ask and b) choose to ask patients from their current case load if a researcher 

could contact them at a later date.  Being all too aware of pressures on clinicians, this was a 

process that made me feel uncomfortable.  However, I was heartened by the response from 

my colleagues who recalled their own training and the pressures to recruit participants.  I 

suspect in a similar process to the individuals who participated in my research, the clinicians 

kindly recruiting on my behalf felt in some way it was a process of giving back, having been 

through their own training.  Indeed it is a position that I hope to be in, in the near future, to 

aid my successors. 

 

 The process of collecting data for my empirical paper highlighted to me the 

importance of utilising my clinical skills and experiences.  I was always acutely aware that 

each individual had voluntarily given up their time to contribute to my research, and each and 

every person deserved the utmost respect, and the chance to tell their own story.  My clinical 

experience also informed me when it was important to cease testing where the person’s 

wellbeing of course over ruled the desire to collect more data.  This did however raise further 

points of reflection in regards to a temptation to slip into ‘therapist mode’.  I chose to 

complete a specialist clinical placement in the service alongside collecting data for my 

research, which I felt sometimes further blurred the line between trainee clinician and 

researcher.  Often, what had the potential to be a one hour appointment quickly over-ran 

when I was all too happy to be engulfed in each person’s narrative of their experiences, and I 

was struck by the therapeutic advantages this appeared to have for the participants. 

 

By far the most frustrating part of conducting this research was the geographical 

distance covered to meet with each participant.  It was not uncommon to drive an hour and a 
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half to what was often a one hour appointment, and of course it rarely worked out that two 

people who lived nearby were available on the same day.  That said, any frustrations I did 

feel immediately dissipated when I met those who had kindly agreed to participate.  

Overwhelmingly, I was welcomed into homes and received stories of gratitude towards the 

North Wales Brain Injury service.  Any concerns I had about taking up people’s free time 

were alleviated by the rewards that each person clearly experienced being able to ‘give 

something back’ for the care that they had received. 

 

Regular supervision allowed me ample opportunity to reflect upon my clinical and 

research work including the frustrations and rewards.  I often found myself discussing 

research participants with their treating clinician, feeling the need to pass on the gratitude 

they expressed for their care, or taking the extra time to deliver a gift I was asked to pass on.  

I felt that after each person voluntarily gave up their time to inform my research, the least I 

could do was to pass on their wishes in a process of conveying my own gratitude. 
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